Background: chronic knee pain is still considered a fairly benign disease by many, an 'unavoidable' consequence of ageing. This passive acceptance may be unnecessarily exposing older people to disability and serious co-morbidity. The aim of this study was to determine the disease burden associated with chronic knee pain and the role of knee extensor strength as a modifiable risk factor. Methods: a longitudinal cohort study with 2-year follow-up conducted among 1,587 community-dwelling men aged 70 years and over, 637 (40%) reported chronic knee pain. Of the 950 (60%) men without knee pain at baseline, 768 (81%) returned for the follow-up assessment with 150 (20%) reporting incident chronic knee pain. Results: knee pain was significantly associated with marked mobility disability [odds ratio (OR) 2.38; 95% confidence interval (CI) 1.74-3.29], falls (OR: 1.31; 95% CI: 1.01-1.70) and having four or more co-morbidity (OR: 1.63; 95% CI: 1.16-2.30) as well as reduced knee extensor strength and mass (dual X-ray absorptiometry). Men with incident knee pain at the 2-year follow-up assessment demonstrated greater increases in these measures of disease burden and greater decreases in muscle strength and mass, compared with those without incident chronic knee pain. Obesity, high co-morbidity burden, back pain, higher levels of physical activity or low knee extensor strength were all significant risk factors for incident knee pain. Conclusion: prevention of chronic knee pain may reduce a considerable burden of mobility disability and increased risk of serious co-morbidity among older men.
Introduction
Chronic knee pain in older people can usually be attributed to osteoarthritis, a condition associated with increasing difficulty with walking and climbing stairs: activities essential to maintain independence in basic activities of daily living [1] . Chronic knee pain has also been associated with reduced lower limb muscle strength and falls, both increasing the risk of hip fracture, institutionalisation and early mortality [2] [3] [4] [5] . However, knee osteoarthritis is still considered a fairly benign disease by many, an 'unavoidable' consequence of ageing. This passive acceptance may be unnecessarily exposing older people to chronic pain, disability and serious co-morbidity.
Only two longitudinal cohort studies have evaluated if reduced lower limb muscle strength preceded painful knee osteoarthritis [6, 7] . These studies involved mostly younger or smaller cohorts and could only detect increased risk for painful knee osteoarthritis among women, not men. Although men lose muscle mass and strength with ageing at a much more rapid rate than women, absolute muscle mass [8, 9] and strength [10] remain higher in men and may explain these gender-dependent findings. While reduced muscle strength is usually attributed to atrophy, inhibition of muscle activation due to arthrogenous pain can also reduce muscle strength by causing a decreased ability to generate torque with a given quantity of lean muscle mass [11] . It is evident that both reduced knee extensor voluntary muscle activation and reduced muscle mass are present in people with † Deceased established knee osteoarthritis [12, 13] . It is unknown if either or both of these muscle parameters are risk factors for incident knee pain among older men, and therefore present useful preventative health targets [11, 14] .
The aims of this 2-year longitudinal study are to determine the disability and co-morbidity burden associated with chronic knee pain, and to evaluate the role of knee extensor muscle strength and mass as independent risk factors for chronic knee pain in older men.
Methods
The Concord Health and Ageing in Men Project (CHAMP) is a longitudinal study of men, aged 70 years and over, being conducted in Sydney, Australia. The study methods have been detailed previously [15, 16] . This study has been carried out in compliance with the Helsinki Declaration. The Concord Hospital Human Research Ethics Committee approved CHAMP. All participants provided informed consent.
Participants
From the 2,815 contacted and eligible men, 1,511 (54%) completed the baseline clinic and self-report assessments. An additional 194 men from the study area volunteered to participate in the study before receiving the invitation letter, increasing the cohort to 1,705 men. A total of 1,367 (80%) men returned for the 2-year follow-up assessment. The main reasons for not returning were being too ill or having health problems (n = 110; 7%) or deceased (n = 99; 6%). For the current analysis, the 92 (6%) men with a consensus diagnosis of dementia at baseline were excluded [17] .
Disease burden assessment

Knee pain
Knee pain was defined as: pain in or around either knee on 'most days for at least one month in the past 12 months'.
Mobility disability
Mobility disability was defined as a negative response to both of the following two questions:
• Are you able to walk up and down stairs to the first floor without help? • Are you able to walk half a mile (\sim1 km) without help?
These questions were selected from the Rosow-Breslau physical function items [16, 18] .
Falls
During the past 12 months, have you fallen and landed on the floor or ground, or fallen and hit an object like a table or chair?
Health-related quality of life The Medical Outcomes Study Short Form (SF-12v2) was used to assess health status and quality of life through two extrapolated summary measures: physical Component Summary Scale Score (PCS); Mental Component Summary Scale Score (MCS) [19] . These norm-based scores have a mean (SD) of 50 (10) in a general population.
Risk factors
Muscle mass
The muscle mass was measured using dual X-ray absorptiometry (DXA; Discovery-W scanner Hologic, Bedford, MA, USA). The muscle mass is strongly correlated with height; hence, appendicular lean mass (aLM) is frequently expressed in relation to height (kg m −2 ) [8] . However, this measure is highly associated with BMI resulting in thinner people being more likely to be incorrectly identified as having a low appendicular lean muscle mass or sarcopenia [20] . More recent studies have incorporated fat mass into the sarcopenia definition [21] . For the current study, aLM relative to the fat mass (kg kg ) was determined [16] . Specific lower limb lean mass was also determined, with limb laterality according to knee pain reporting: the left leg lean mass was used for participants with left knee pain; right leg for participants with right knee pain; mean of right and left legs for bilateral knee pain or no knee pain. Sarcopenia was defined as having an aLM relative to the fat mass in the lowest 20% of the cohort distribution.
Knee extensor strength
Knee extensor strength was measured on each leg using a spring gauge. For men with unilateral symptomatic knee pain, strength of the painful knee was used; for men with bilateral knee pain or no knee pain, the mean of the right and left legs was used. Knee extensor torque was derived as newton metres (Nm) using the lever arm (distance from cuff to axis of rotation) and expressed relative to body weight (Nm kg −1 ).
Confounding variables
Demographic risk factors likely to confound or mediate the relationship between knee pain and muscle parameters were evaluated.
Occupation
A description of the longest-held paid job was collected. This description was later coded into occupational classes according to the Australian and New Zealand Standard Classification of Occupations.
Back pain
During the past 12 months have you had any back pain? and indicating that this back pain was present 'all of the time' or 'most of the time'.
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Hip pain
In the past 12 months, have you had pain in or around either hip joint, including the buttock, groin or either side of the upper thigh, on most days for at least 1 month?
Comorbidity
Comorbidity was defined as the presence of self-reported doctor-or other healthcare provider-diagnosed conditions from a list of 19 conditions: diabetes mellitus; Grave's disease or an overactive thyroid gland; low thyroid or under active thyroid gland; osteoporosis; Paget's disease; stroke; Parkinson's disease; kidney stones; dementia; depression; epilepsy or fits; hypertension or high blood pressure; heart attack, coronary or myocardial infarction; angina (chest pain); congestive heart failure or enlarged heart; intermittent claudication or pain in your legs from a blockage of the arteries; chronic obstructive lung disease, chronic bronchitis, asthma, emphysema or chronic obstructive pulmonary disease; liver disease; chronic kidney (renal) disease or kidney failure (renal failure).
Physical activity
The Physical Activity Scale for the Elderly (PASE) questionnaire score. Higher scores indicate higher levels of frequency and exertion in recreational sport and leisure, home and work activities over the past 7 days [22] .
Leisure time walking
• Do you take walks for exercise, daily or almost every day?
• On average, how many kilometres do you walk each day for exercise?
Statistical analysis
Differences in baseline characteristics between participants with and without knee pain for continuous variables were compared using t-tests or Welch tests as appropriate (the determination of equal variance was primarily based on the Fligner-Killeen test). Categorical variables were compared using Chi-squared or Fisher exact tests; 95% confidence intervals for odds ratios were calculated using the profile likelihood method via logistic regression models. About 45% of the men with knee pain and 20% of the men without knee pain felt unable to complete the knee extensor strength assessment. A sensitivity analysis was conducted imputing the mean knee extensor torque achieved by the lowest 20% of the group distribution for the missing data (imputed torque). Potential risk factors were identified using odds ratios and Fisher's exact test was used to calculate P-values. We included variables with P-value <0.2 to build multiple logistic regression models for incident knee pain. We further reduced our logistic regression models using Akaike information criterion stepwise regression (with both forward and backward elimination of variables) and tested the goodness of fit of our reduced model using the le Cessie and Houwelingen test. All our reported reduced models have goodness of fit P-values >0.05. All statistical analyses were carried out using R 2.12.2 [http://www.r-project.org/ (25 November 2013, date last accessed)].
Results
From this cohort of 1,587 community-dwelling older men without dementia and responding to the knee pain question, 637 (40%) men reported knee pain at baseline assessment (Table 1) .
Of the 950 men without knee pain at baseline, 768 (81%) returned for the 2-year follow-up assessment and provided information on knee pain status; 150 (20%) now reporting knee pain during the past year (Tables 2 and 3 ).
Knee pain disease burden
At baseline, knee pain was significantly associated with marked mobility disability, increased reporting of falls, poorer overall physical function (SF-12 PCS) and a higher BMI and comorbidity burden (Table 1) . Men with knee pain demonstrated slower walk and chair stand times (Table 1) .
Men not returning for the 2-year follow-up were significantly older (78.3 versus 76.1 years) and reported greater physical disability (SF-12 PCS 47.9 versus 51.6; mobility disability 15 versus 6%) at baseline, than men attending followup. Men with incident knee pain demonstrated markedly greater increases in the prevalence of major mobility disability and falls, hip pain and other co-morbidity over the 2-year period, compared with men without incident knee pain. Over the 2-year period, consistently larger decreases in lean leg muscle mass and knee extensor torque were evident among men with incident knee pain.
Risk factors for knee pain
Univariate analysis demonstrated that being aged <80 years, being obese, reporting back pain ('all of the time' or 'most of the time'), having a low SF-12 PCS score (<45), being in the lowest tertile for appendicular lean muscle mass or knee extensor torque at baseline significantly increased the risk of incident knee pain 2 years later.
To avoid collinearity in the initial full-multivariate analysis, knee extensor torque (Nm) was used because the measure relative to body weight (Nm kg ) was significantly associated with BMI. In the full-multivariate analysis, obesity, high co-morbidity burden, back pain or being in the middle tertile of PASE scores (compared with the lowest tertile) at baseline significantly increased the risk of incident knee pain 2 years later; being in the middle tertile of knee extensor strength (compared with the lowest tertile) significantly reduced the risk of incident knee pain. These variables were all retained in the reduced model using Akaike information criterion stepwise regression, with the addition of the highest 208 M. Fransen et al.
tertile of PASE scores now also becoming a significant risk factor. The Le Cessie and Houwelingen test suggested the reduced model is adequate (P = 0.87).
Discussion
The CHAMP study demonstrated that chronic knee pain is associated with a substantial burden of mobility disability and falls in older men. This study also demonstrated that incident knee pain was associated with greater increases in total comorbidity burden and functional decline (mobility disability), compared with remaining without knee pain over the 2-year observational period. This finding substantiates results from another large longitudinal population-based study in which having arthritis at baseline was significantly associated with developing mobility disability in the 10-year follow-up period, even after adjusting for other co-morbidities [23] .
The CHAMP study found that having poor knee extensor strength was a risk factor for incident knee pain among older men, even when accounting for obesity, comorbidities and being physically active. Further, incident knee pain was associated with a higher rate of decline in knee extensor strength over the 2-year follow-up period, a demonstrated risk factor for mobility disability, falls and early mortality [24] . Simple assessment of knee extensor torque, rather than more the more complex assessment of lean muscle mass, is able to evaluate risk for incident knee pain and would appear to be a major disease prevention target in older men, as well as older women.
A main strength of the CHAMP study was quantification of both muscle mass and knee extensor torque, unusual in population-based cohort studies. Only two other similar studies have been published [25, 26] . The Health, Aging and Body Composition (ABC) study was conducted among 3,075 adults aged 70-79 years [25] . Of note is that the mean leg lean mass among the 634 Caucasian men was 8.65, 0.5 kg higher than in the CHAMP study. This difference is likely explained by the exclusion of men with mobility disability in the Health ABC study. For both studies, the annualised loss in the leg lean mass was minimal (\sim1%). However, the annualised loss in knee extensor torque with ageing was 3.4%, identical to the annualised loss in CHAMP men without knee pain. Interestingly, a higher annualised 4 Prevalence/mean score; odds ratio (95% confidence interval) for knee pain. aLM, appendicular lean mass; SF-PCS/MCS: population norm mean (SD): 50 (10)
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A longitudinal study of knee pain in older men (OASIS) study, a longitudinal cohort study of 480 older people with chronic knee pain [27] . These studies imply that that once older men develop chronic knee pain, the loss of knee extensor strength with ageing is accelerated. The second longitudinal population-based study with muscle composition data, TASOAC, was conducted in a younger cohort, namely 609 adults aged 50-79 years [26] . This study did not find an association between knee pain and greater declines in knee extensor strength or leg muscle mass over the 2-to 3-year follow-up period among men [26] . There was no significant reduction in the risk of incident knee pain demonstrated for men in the highest tertile of knee extensor torque, compared with the lowest tertile. This finding may be related to the higher dose of physical activity (PASE) required achieving such levels. In the CHAMP study, after adjusting for BMI, co-morbidity, back pain and knee extensor torque, the two higher tertiles of PASE score (>97) were associated with a significantly increased risk of incident knee pain, indicating that a more active lifestyle may unmask underlying knee problems. Joint pain initiated by weightbearing activity, but relieved by rest, is a typical symptom of early knee osteoarthritis [28] . The more sedentary lifestyle usually adopted with advanced age may also explain the Table 2 . CHAMP participants developing knee pain (n = 150) or remaining without knee pain (n = 618) at the 2-year follow-up, % or mean (SD) reduced risk of knee pain demonstrated among the older men in the cohort (80 years and over). As expected, being obese was a significant risk factor for developing knee pain in the CHAMP study. The difference in baseline BMI between men developing knee pain in the 2-year follow-up (28.7 kg m −2 ), and those without incident knee pain in this period (27.2 kg m −2 ) may seem negligible. However, for a man 180 cm tall, this translates to a body mass difference of 5 kg, highlighting the importance among overweight or obese older men of even moderate weight loss targets in reducing the risk of developing chronic knee pain.
Strengths of the CHAMP study include careful measurement of disease burden and knee muscle variables; relatively high 2-year follow-up rate; the large number of comorbid conditions assessed and knee pain that was defined using a well-accepted definition (in or around the knee for most days of at least a month) in accordance with clinical diagnostic criteria for knee osteoarthritis [29] . A weakness of the study is that only men were recruited and the relatively short followup period of 2 years resulted in only 150 men with incident knee pain.
The CHAMP study demonstrated that even in older men, chronic knee pain is significantly associated with additional mobility disability, falls and co-morbidity burden. Obesity, poor knee extensor strength and high levels of physical activity were independent risk factors for incident chronic knee pain in this cohort of older men.
Key points
• Knee pain is associated with considerable mobility disability and falls in older men.
• Reduced knee extensor strength is a risk factor for chronic knee pain in older men.
• Knee extensor strengthening, weight reduction and modification of physical activity options, have the potential to reduce the considerable disability burden associated with chronic knee pain in older men.
